Objective: Although cholesterolosis of the human gallbladder is a relatively common disease, its etiology has not been fully understood. The aim of this study was to determine this etiology. Methods: The lipid composition of the gallbladder mucosa and gallbladder bile and the enzyme activities (acylCoA-cholesterol ester acyltransferase [ACAT] and cholesterol ester hydrolase [CEH]) of the gallbladder mucosa were measured in control subjects, patients with cholesterolosis, and patients with cholesterol gallstone disease. Results: Levels of cholesterol ester in gallbladder mucosa in patients with cholesterolosis (n ‫؍‬ 12) were higher than those in control subjects (n ‫؍‬ 8). With regard to the lipid content in gallbladder bile, no differences were found in concentrations of cholesterol, phospholipids, and bile acids among control subjects (n ‫؍‬ 11), patients with cholesterolosis (n ‫؍‬ 13), and those with cholesterol gallstone disease (n ‫؍‬ 15). In gallbladder mucosa, ACAT activity was significantly higher in patients with cholesterolosis (n ‫؍‬ 10) than in control subjects (n ‫؍‬ 8), whereas CEH activity did not differ between the two groups. As a result, the ACAT/CEH activity ratio was higher in patients with cholesterolosis than in control subjects. Conclusions: It would be suggested that cholesterol ester synthesis of gallbladder mucosa might play an etiological role in the development of cholesterolosis. (Am J Gastroenterol 1998;93:1518 -1523.
INTRODUCTION
Cholesterolosis of the human gallbladder is a common disease (in surgical studies its prevalence has varied from 9% to 24%), and is characterized by accumulation of lipids. The polypoid form of cholesterolosis is characterized by a cholesterol polyp of the gallbladder that is most frequently detected by ultrasound examination. Cholesterolosis of the gallbladder was first described by Moynihan in 1909 (1) and called "strawberry gallbladder" by MacCarty in 1910 (2) .
Cholesterolosis is characterized histologically by the accumulation of lipids in the lamina propria of the gallbladder (3, 4) . These lipid deposits consist mostly of cholesterol ester (4, 5) and triglycerides (6) . Despite the many histological studies of cholesterolosis, its etiology has not been fully understood. The aim of the present study is to examine the etiology of cholesterolosis by measuring lipid contents in the gallbladder mucosa and the gallbladder bile and the activities of enzymes (acylCoA-cholesterol ester acyltransferase [ACAT] and cholesterol ester hydrolase [CEH] ) that which regulate the formation and hydrolysis of cholesterol ester.
MATERIALS AND METHODS
The gallbladders of patients who had undergone cholecystectomy were assessed as normal, having cholesterolosis, or having cholesterol gallstone based on macroscopic and microscopic examination. The gallbladder which revealed a characteristic yellow-spotted or reticular pattern mucosa macroscopically and lipid droplets in the lamina propria microscopically was diagnosed as cholesterolosis.
Samples of bile were aspirated from the gallbladder of each patient during surgery.
Lipid content of gallbladder mucosa
The body portion of the gallbladder resected during cholecystectomy was rinsed with saline to remove bile, and the mucosa of the gallbladder was separated from the muscle layer with the surgical knife.
The control group included eight subjects (three men, five women; mean age 51.0 Ϯ 13.2 yr) who underwent surgery for either gastric cancer or chronic pancreatitis. The cholesterolosis group included 12 subjects (nine men, three women; mean age 49.0 Ϯ 12.6 yr). After homogenization of pieces of the mucosa with a Potter glass homogenizer, lipids were extracted using the method described by Folch et al. (7) and isolated using thin layer chromatography (TLC). Free cholesterol and phospholipids were isolated by applying samples to silica gel G glass plates, whereas cholesterol ester and triglycerides were isolated by applying samples to silica gel aluminium plates.
The plates were developed in n-hexane-diethyl ether-acetic acid (8:2:0.1) to isolate free cholesterol, cholesterol ester, and triglycerides, and in chloroform-methanol-water (6:4:1) to isolate phospholipids. After lipids had been isolated, free cholesterol was detected by spraying CrSO 4 (85% H 2 SO 4 involved with 0.6% Cr) and heating for 30 min at 100 -120°C (8) , phospholipids by staining with molybdenum blue (9) , and triglycerides by staining with Coomassie blue. The lipid content was measured by standardized densitometry (high-speed TLC scanner, CS-920 Shimazu, Tokyo, Japan).
Lipid content of gallbladder bile
Based on appearance during surgery, gallbladders were assessed as either being normal controls, having cholesterolosis, or having cholesterol stone disease.
The control group included 11 subjects (five men, six women; mean age 61.2 Ϯ 10.7 yr), the cholesterolosis group included 13 subjects (five men, eight women; mean age 50.1 Ϯ 14.4 yr), and the cholesterol stone group included 15 subjects (seven men, eight women; mean age 53.0 Ϯ 14.1 yr).
Cholesterol and phospholipids in the gallbladder bile (aspirated by needle during surgery) were extracted using the method described by Folch et al. (7) and separated by TLC.
Lipid content was measured using the same method as for gallbladder mucosa.
After the gallbladder bile had been diluted with methanol and filtrated, bile acid content was quantitated by high performance liquid chromatography (HPLC) and 3 ␣-hydroxysteroid dehydrogenase (3 ␣-HSD) was immobilized in column form (using 5 ␤-pregnane-3 ␣-17 ␣-2 ␣-triol as an internal standard) (10) .
Assay of ACAT and CEH activity in gallbladder mucosa
The control group included eight subjects (five men, three women; mean age 58.9 Ϯ 13.9 yr), and the cholesterolosis group included 10 subjects (five men, five women; mean age 43.6 Ϯ 10.0 yr).
The portion of the gallbladder resected during cholecystectomy was carefully rinsed with saline, and the mucosa of the gallbladder was separated from the muscle layer with the surgical knife.
After homogenizing pieces of the mucosa using a Potter homogenizer, an aliquot was used to measure protein content and the remainder was used for the enzyme assay. Protein was measured using the method described by Bradford (11) .
To ensure accurate measurements of enzyme activity in human gallbladder mucosa, we determined the optimal conditions for each assay through time course and dose-response experiments.
Assay of ACAT activity
The assay used was a modified version of that described earlier (12) . Each assay sample contained 0.2 mg fatty acid-free bovine serum albumin in 0.04 mol/L KH 2 PO 4 buffer (pH 7.4), with 0.05 mol/L KCl, 0.03 mmol/L EDTA, and 0.3 mol/L sucrose. The total volume was 0.2 ml.
The reaction was started by adding 0.1 mg of gallbladder mucosa protein and 10 nmol [1-
14 C]oleoyl-CoA(0.005 Ci/ nmol), and the mixture was incubated for 30 min at 37°C. The assay was stopped by adding chloroform/methanol (2: 1). Lipid was extracted using the method described by Folch et al., and the [1- 14 C]cholesterol oleate formed was separated in n-hexane-diethyl ether-acetic acid (8:2:0.1) using TLC. The band corresponding to cholesterol esters was scraped into scintillation vials and counted in a Beckman liquid scintillation counter.
Assay of CEH activity
The assay used was a modified version of that described earlier (13) . Each assay contained 0.05 mol/L Tris-HCl buffer (pH 7.1) with 5 mol/L MgCl 2 , 50 mmol/L KCl, 0.2 mmol/L EDTA, 0.4% fatty acid-free bovine serum albumin and 0.5% Triton 100-X. The total volume was 0.2 ml.
The reaction was started by adding 0.1 mg of gallbladder mucosa protein and 30 mol/L [ 14 C]cholesteryl oleate (5.0 Ci/mol), and the mixture was incubated for 15 min at 37°C. The assay was stopped by adding methanol. After addition of 1-N HCl and n-hexane, lipids was extracted from the methanol solution using the method described by Folch et al., and the [ 14 C] cholesterol formed was separated in n-hexane-diethyl ether-acetic acid using TLC. The band corresponding to cholesterol was scraped into scintillation vials and counted in a Beckman liquid scintillation counter.
All data about biliary lipids, mucosal lipids and mucosal enzymes were obtained from each individual.
The significance of the differences was determined using Student's t-test.
RESULTS

Lipid content of gallbladder mucosa
The lipid contents of the gallbladder mucosa are shown in Table 1 . The concentration of cholesterol ester in mucosa was higher in patients with cholesterolosis than in control subjects (890.1 Ϯ 293.1 g/mg ⅐ protein vs 57.2 Ϯ 21.6 g/mg ⅐ protein, p Ͻ 0.05). However, levels of free cholesterol, phospholipids, and triglycerides in mucosa did not differ significantly between patients with cholesterolosis and control subjects (free cholesterol: 51.9 Ϯ 5.8 g/mg ⅐ protein vs 41.9 Ϯ 10.9 g/mg ⅐ protein; phospholipids: 45.9 Ϯ 14.4 g/mg ⅐ protein vs 109.7 Ϯ 57.4 g/mg ⅐ protein; triglycerides: 299.5 Ϯ 102.7 g/mg ⅐ protein vs 446.8 Ϯ 186.5 g/mg ⅐ protein).
Lipid content of gallbladder bile
The concentration of cholesterol did not differ among control subjects, patients with cholesterolosis, and patients with cholesterol gallstone disease (9.2 Ϯ 3.8 vs 8.8 Ϯ 5.6 vs 9.6 Ϯ 4.6 mmol/L) (Fig. 1) .
Similarly, the concentration of phospholipids did not dif- (Fig. 1) . The molar percentages of cholesterol [(moles of cholesterol/total moles of biliary lipid) ϫ 100] were higher in patients with cholesterol gallstone disease than in both control subjects (6.2 Ϯ 1.8 vs 4.0 Ϯ 1.3%, p Ͻ 0.05) and patients with cholesterolosis (6.2 Ϯ 1.8 vs 4.2 Ϯ 1.3% p Ͻ 0.05) (Fig. 1) .
The molar percentages of phospholipids and bile acids were similar in the three groups; no significant differences were found among them. (phospholipids: 18.4 Ϯ 6.4 vs (Fig. 1) . Total cholesterol consisted of Ͼ99% free cholesterol in all three groups, and no differences were found among the groups in cholesterol ester content ( Table 2) .
The molar percentages of individual bile acids in total bile acids did not differ among the three groups ( Table 2) .
The lithogenic index (14) was higher in patients with cholesterol gallstone disease than in control subjects and in patients with cholesterolosis, wheres no differences were found between control subjects and those with cholesterolosis ( Table 2) .
ACAT and CEH activity in gallbladder mucosa
The optimal conditions for assay of ACAT and CEH are illustrated in Figures 2 and 3 , respectively.
The ACAT activity was linear at 0.1 mg protein over a period of 45 min ( Fig. 2A) . ACAT activity was linear up to 0.3 mg protein for a period of 30 min (Fig. 2B) .
The CEH activity was linear at 0.1 mg protein over a period of 15 min (Fig. 3A) . CEH activity was linear up to 0.5 mg protein for a period of 15 min (Fig. 3B) .
In gallbladder mucosa, ACAT activity was significantly higher in patents with cholesterolosis than in control subjects, but CEH activity did not differ between these two groups. As a result, the ACAT/CEH activity ratio was higher for patients with cholesterolosis than for control subjects (Table 3) .
DISCUSSION
Cholesterolosis of the human gallbladder is characterized by the accumulation of lipids in the epithelial mucosa and lamina propria, and cells containing these lipids are called "foamy cells" (4) . The pathological features of cholesterolosis have been studied by microscopy (3, 4, 15) and electron microscopy (16) , but the pathogenesis of this condition is not fully understood. The accumulated lipids have been reported to consist mainly of cholesterol ester (4, 5) . In the present study, the gallbladder mucosa had markedly elevated concentrations of cholesterol ester in patients with cholesterolosis, but no differences were found in the concentrations of free cholesterol, phospholipids, and triglycerides between patients with cholesterolosis and control subjects.
In an analysis of gallbladder bile (17, 18) , patients with cholesterolosis were found to have high biliary cholesterol 
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GALLBLADDER CHOLESTEROLOSIScontent and supersaturated bile. On the other hand, supersaturated bile was found to be present in both cholesterol gallstone and those with cholesterolosis (19) , but was also commonly found in healthy subjects. The present data showed that the concentrations of cholesterol, phospholipids, and bile acid in gallbladder bile did not differ between control subjects and patients with cholesterolosis. Most of the cholesterol in gallbladder bile consisted of free cholesterol, and the molar percentage of cholesterol did not differ among control subjects, patients with cholesterolosis, and patients with cholesterol gallstones. The high degree of variation in the incidences of cholesterolosis and cholesterol gallstone suggests that the pathogenesis of cholesterolosis might be unrelated to that of cholesterol gallstones. Supersaturation of bile cholesterol may not be the major etiological factor in cholesterolosis. Instead, altered hepatic cholesterol metabolism, altered uptake (20) and mucosal esterification of free sterols from the bile, may result in cholesterolosis (6) .
In guinea pigs (20) and humans (21), gallbladders mucosa is embryonically related to intestinal mucosa and has been shown to absorb small amounts of free cholesterol from bile through the epithelium by a passive as well as a partially active process. In a study of cholesterol uptake by human gallbladder using a modified Ussing technique, neither the uptake of cholesterol by the mucosa nor the appearance of cholesterol in the serosal fluid differed between a normal gallbladder and one with cholesterolosis (22) . However, the mechanism by which absorbed cholesterol reaches the lamina propria of the gallbladder and how it is stored have not yet been established. In any case, cholesterol metabolism in the gallbladder mucosa is the most important factor in understanding the etiology. Our data suggested that accumulated lipids in patients with cholesterolosis consisted mainly of cholesterol ester. This cholesterol ester may have originated in bile or may have been synthesized de novo in the gallbladder mucosa. Our findings suggest that it is not the mechanism by which the degree of saturation of bile causes cholesterolosis.
Enzymes participating in intracellular cholesterol metabolism include acyl CoA cholesterol acyltransferase (ACAT), cholesterol ester hydrolase (CEH), 3-hydroxy 3-methylglutary coenzymeA reductase (HMG-CoA reductase) and acid lipase, which have been studied in human liver (23) , intestine (24), adrenal cortex (25) , and ovary (26) . The presence of mucosal-sterol-esterifying enzyme (probably ACAT) has been found in the guinea pig (27) and human (28) gallbladder epithelium, but no reports have been made about CEH of human gallbladder. We postulate the pathways of cholesterol in the gallbladder mucosa in patients with cholesterolosis (Fig. 4) . For storage of cholesterol ester in the cell, cholesterol ester flux into the cell or cholesterol synthesis de novo is required. Furthermore, cholesterol ester formed from cholesterol by ACAT is converted to free cholesterol by CEH. The imbalance between activity of ACAT and that of CEH could thus cause the disorder of cholesterol metabolism in gallbladder mucosa. In this study, both ACAT and CEH activities were measured in the human gallbladder mucosa. ACAT activity was significantly higher in patients with cholesterolosis than in control subjects, but CEH activity did not differ between these two groups. It would be suggested that the deposition of cholesterol ester could be 
